Objectives: Prostate cancer is the one of the commonest cancers in American men and the second leading cause of cancer deaths. In 2012, the US Preventative Task Force recommended against the prostate specific antigen-based screening test for prostate cancer due to overtreatment of low-risk disease and lack of impact on outcomes. In the general population, African-American men have 60% higher incidence and 200-300% greater mortality rate from prostate cancer than Caucasian men. Additionally, many veterans have been exposed to chemicals that increase incidence of high-risk prostate cancer. Considering these factors, we examine whether or not it is appropriate to screen African-American veteran males for prostate cancer.
Introduction
Prostate cancer is the commonest form of cancer, other than skin cancers, in American men and the second leading cause of cancer deaths [1] . African-American men have the highest incidence of prostate cancer and are more likely than Caucasian men to be diagnosed with an advanced form of prostate cancer [2] . In 2016, it is estimated that there were 180,890 new diagnoses of prostate cancer and 26,120 deaths attributable to prostate cancer. Age and race are the greatest risk factors for prostate cancer. In African-American men, however, the incidence of prostate cancer is almost 60% higher, and the mortality rate is two-to three-times greater than that of Caucasian men [2] . Patient comorbidities also play a role in treatment and prevention of the disease.
The Veteran's Health Administration (VHA) is an unbiased, race-and-color blind, equal and open access, sin-gle-payer, government-run healthcare system. The VHA healthcare system is classified as a federal, veteran-specific, national healthcare system because the Federal government owns the majority of healthcare delivery sites, employs the healthcare providers, and directly provides the majority of healthcare services to veterans [3] . Any veteran eligible for care within the VHA system must meet the statutory definition of a "veteran", meet the statutory definition of "active duty", and serve/ have served a minimum period of "active duty". Based on the National Center for Veterans Analysis and Statistics, the projected total number of veterans in 2016 was 21,368,156, of which Black veterans represented approximately 13% [4] . Based on SEER data from 2010-14, the age-adjusted rate of new cases and deaths from prostate cancer in the general population were 119.8 and 20.1 per 100,000 men per year, respectively [5] . Based on data from 2012-14, approximately 11.6% of men will be diagnosed with prostate cancer in their lifetime, and in 2014, there were roughly 3,085,209 men living with prostate cancer in the United States [5] .
In 2012, the US Preventive Task Force (USPTF) recommended against the use of prostate specific antigen (PSA)-based screening test for prostate cancer. The VHA System has integrated electronic records, so it is possible to review these records at the national level. Over 80% of prostate cancers diagnosed in the Veterans Health Administration are localized to the prostate gland and only 5% are metastatic [6] . Thus, the vast majority of the patients diagnosed are eligible for definitive treatment. Medical and professional organizations, such as the American Urological Association (AUA), USPSTF, and VHA, have all published guidelines for prostate cancer screening. The VHA does not recommend prostate cancer screening with PSA for men ages 45-70 but recommends that any decision to initiate or continue prostate cancer screening with PSA for any veteran should be based on a decision between the patient and his provider [4] .
Previously, we reviewed data on African Americans in the general population and concluded that new guidelines needed to be implemented for screening African-Americans [7] . Here we review the issues related to African-American veterans.
Methods
We performed a PubMed and Google Scholar search using the keywords:
African-American veteran Prostate Cancer

Mortality
PSA Density
Molecular Markers
Agent Orange
We used combinations of these words to find peer-reviewed publications with information regarding African-American veterans and prostate cancer. The articles that were relevant to the clinical, molecular, social, and health policy aspects of the diagnosis, and treatment of prostate cancer in African-American veterans were analyzed. The data was then summarized.
Results/Discussion
Incidence and prevalence of prostate cancer among African-Americans and African-American Veterans
In the general population, African-Americans have a much higher prevalence of prostate cancer. Within the veteran population, a striking difference in the prevalence of prostate cancer is apparent once again. Prostate cancer accounts only for 28.9% of all cancers in White veterans but in Black veterans it represents 42.7% of all cancers [4] . African-American veterans also tend to present with more advanced disease. Indeed, one study based on data from the VHA found that while only 26% of White veterans presented with involved lymph nodes or distant metastases, the number of Black men presenting with equivalent disease was 52% [8] .
Clinical course of prostate cancer in African-American veterans
Along with the higher incidence and prevalence noted in the African-American male population, the clinical course of prostate cancer in African-American men differs from that of the Caucasian population. Early in the disease course, the clinical characteristics of prostate cancer in African-American men and white men are similar, but on autopsy of men who had prostate cancer but died of unrelated causes, it was found that African-American men carried a higher prostatic tumor volume and were 4-times more likely than White men to have developed aggressive, metastatic disease [9] . These findings support the hypothesis that prostate cancer in African-American men may have a higher growth rate or transforms to more aggressive forms earlier than in White men. Since the 5-year survival rate among men with distant metastases is only 29.3%, it is important that aggressive disease is detected early in its course [10] . These findings also explain, in part, why African-American men are more likely to present at a later stage than Caucasian men of similar age.
There also seem to be multiple genetic components contributing to the differences seen in the clinical course of disease of African-American men compared to Caucasian men. In individuals with prostate-cancer-negative biopsies for example, the PSA levels of the African-American men were 1.8-fold higher than those found in Caucasian men, even after controlling for prostatic volume [11] . Also, it has been suggested that African-American men are more susceptible to prostate cancer because of shorter repeat lengths in in 2013 at the Connecticut VHA System. Similarly, a team with the VHA and UCLA studied more than 1,200 California veterans and found "no significant differences in tumor burden, treatment choice or survival for African-Americans or survival outcomes between African-Americans and Caucasians cared for in the equal-access VHA system setting [19] ". There was, however, a difference found in the private sector. Five reports have documented similar mortality rates between African-American and Caucasian men in equal-access systems [20] .
USPSTF recommendation
The purpose of screening for prostate cancer is to reduce the mortality rate related to prostate cancer, but it was estimated that screening only benefited 0-1 men out of every 1,000 screened [21] . In addition to having a low influence on outcomes, there was a high rate of false-positive tests, which led to an over diagnosis of prostate cancer in 17-50% of cases [21] . Although this has lead to over-treatment in the general population, African-American males are under-treated.
In 2008, the USPSTF took a two-tiered approach to prostate cancer screening. The guidelines noted that the screening of men under the age of 75 had Grade I support -which meant that there was insufficient knowledge of risks to support screening. However, in men over 75 screening was not recommended based on Grade D evidence -meaning there was a moderate or high risk of certainty that the service had no net benefit or had an unfavorable risk/benefit ratio [21] .
The current USPSTF guidelines recommend against prostate cancer screening for men of all ages, regardless of race, and the recommendation is considered to be supported by Grade D evidence. While the lifetime risk of prostate cancer is 15.9%, the risk of dying is only 2.8%, suggesting that the majority of prostate cancer have favorable outcomes, regardless of early detection or treatment [22] . The current guidelines, however, were based on the findings of two studies -the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) and the European Randomized Study of Screening for Prostate Cancer (ERSPC). The PLCO trial noted that men in their screened group had a 12% higher incidence of prostate cancer but an equal death rate [23] . Finding that screened men had similar outcomes to unscreened men but had been exposed to additional pain and bleeding associated with screening and follow-up led the authors to conclude that there was no net benefit to screening for prostate cancer in their population. However, the PLCO trial cohort only included ~4% African-American men, which raises questions on the ability of these results to be generalized to the African-American population as a whole [23] .
After 13 years of follow-up, the ERSPC has displayed that PSA screening leads to a substantial decrease in comparison to Caucasians and Asians, which results in greater androgen receptor activity [12] . Lastly, several risk-associated single nucleotide polymorphisms (SNPs) are overexpressed in African-American men, which are discussed in-depth later [13] .
Social differences in the African-American Population
There are several social differences within the African-American population that can potentially contribute to poorer outcomes relative to Caucasians and Asians. First, there is a discrepancy between Caucasian and African-American males in insurance coverage. About 90% of Caucasian men over 50 years of age have health insurance, but 81% of similar age group African-American men carry health insurance [14] . Second, poor health seeking behaviors in African-American men can contribute to delayed diagnosis and more advanced disease at diagnosis [15] . Additionally, when compared to Caucasian men with similar stages of disease, African-American men are less likely to be treated [16] . Delayed diagnosis coupled with lack of treatment can thus significantly affect the outcome of African-American men with prostate cancer. Third, many barriers traditionally associated with lower socioeconomic status are also major contributors of poorer health outcomes [13, 17] .
PSA levels are higher among African-American Men
PSA is a protein antigen produced only by prostate gland cells and released into the blood in especially large quantities when normal prostate tissue is disrupted (e.g. cancer, infection). Generally speaking, higher serum PSA levels signify an abnormality within the prostate gland, although many factors are known to affect PSA levels. One study evaluated the serum PSA levels of 752 men of a bi-racial veteran population [11] . In this specific population, the mean PSA level in men without prostate cancer was 7.97 ng/ml compared to the 4.94 ng/ml mean in a comparable White veteran population without prostate cancer [11] . Generally, PSA levels higher than 4 ng/ml are associated with increased risk of prostate cancer although prostate cancer is 1.4-times more likely to develop in men with a PSA level greater than 2.5 ng/ml [11] . While a PSA level of 2.5 ng/ml is a reasonable predictor of prostate cancer diagnosis within four years, a lower threshold of 1.9 ng/ml can potentially be used as a predictor for African-Americans [18] . While African-American men tend to have higher PSA levels, they are just as likely as their White veteran counterparts to get their PSA levels tested.
Mortality rate
African-Americans, in general, are three times more likely to die from prostate cancer than other races. However, the mortality rates for African-American and Caucasian veterans were similar in a study conducted which would positively impact the net benefit of screening [31] . In short, effective screening for prostate cancer in all males will need to incorporate these molecular findings into protocols that successfully identify individuals at increased risk for aggressive prostate cancer. Such updated guidelines would allow for more precise identification of aggressive and metastatic disease, improve survival outcomes, and lower overall treatment costs.
Other considerations (Agent Orange)
About three million Americans served in the armed forces in Vietnam during the 1960s and 70s. During this period, the military used large amounts of a defoliant called Agent Orange to eliminate forest cover. In a study conducted at Portland Medical Center and Oregon Health Sciences University, it was found that veterans exposed to Agent Orange were not only more likely to develop prostate cancer, but also more likely to develop a more aggressive form of the disease [32] . Agent Orange exposure is associated with a 52% increase in the detection of prostate cancer and a 75% increased risk of high-grade prostate cancer [32] . There was, however, no increase in the risk of low-grade prostate cancer. Men exposed to Agent Orange were also diagnosed at a younger age compared to men who were not exposed to the carcinogen. In conclusion, exposure to Agent Orange appears to increase the detection of prostate cancer and incidence of high-grade prostate cancer; however, one must be cautious that these findings are not, at least partially, explained by selection bias [32] .
Conclusion
There is an immense need to implement more targeted prostate cancer screening guidelines for African-American males within the nation-wide VHA system. African-American male veterans have a higher incidence of prostate cancer and present at a higher stage than their peers. Prostate cancer in these men tends to be more aggressive at presentation and/or transforms to more aggressive forms earlier. Social factors, such as delayed diagnosis and lower rates of treatment, can all contribute to worse disease outcomes. In addition, the exposure of many veterans to Agent Orange has been shown to increase the incidence of high-grade prostate cancer. The current USPSTF guidelines recommending against prostate cancer screening were based on trials that were not fully generalizable to the African-American population because such individuals were underrepresented in the investigational cohorts. In including techniques that detect molecular markers, future guidelines would be able to identify patients at risk of the more aggressive forms of prostate cancer and potentially decrease prostate cancer mortality, while minimizing the rates of false-positive tests that may previously have led to unnecessary treatment of benign disease. Figure 1 below represents a hypothetical screening flowchart. In future reports, we will investigate how patient comorbidiprostate cancer mortality [24] . In their most recent update, they reported that in order for 1 death from prostate cancer to be prevented, an additional 27 cases of prostate cancer had to be first diagnosed and 781 individuals needed to be screened [24] . Although specific demographic information was not reported, this study was conducted in eight European countries which traditionally did not have large populations of African descent, which again introduces uncertainty of their findings' applicability to the general African-American population.
The Prostate Cancer Intervention Versus Observational Trial (PIVOT) is another study related to these outcome measures. This study compared expectant management of prostate cancer with radical prostatectomy and found no difference in outcomes between White and African-American males [25] . The comparable outcomes in this study are concerning despite these findings, African-American men generally have an increased prostate cancer mortality. Thus, although onethird of the PIVOT trial participants were African-American males, the two arms of this study may not represent the patterns of practice or that the study may have been inadequately powered to detect racial differences.
Molecular markers
Certain molecular markers have also been linked to the clinical course and disease outcomes in men with prostate cancer [26, 27] . For instance, several studies have identified multiple single nucleotide polymorphisms (SNPs) that are preferentially expressed in African-Americans [27] . Approximately 100 genes containing SNPs have been linked to an increased susceptibility to prostate cancer [27] . Single nucleotide polymorphisms are especially valuable in disease detection, monitoring, and screening because they are stable throughout the lifetime of the individual and are not affected by external factors, such as lifestyle [27] . Several studies have suggested that African-American males are at increased risk of prostate cancer, in part, because they possess many of these SNPs [28, 29] . For instance, Xu, et al., showed that 17 of 20 SNPs are more common in African-American males, and of the 17 SNPs, 2 were associated with a higher risk of prostate cancer [28] . Freedman, et al., showed that a 3.8 MB interval on chromosome 8q24 was associated with prostate cancer and was found mainly in African-Americans [29] . Families with a history of particular allelic variants within this interval were 9.46 times more likely to develop prostate cancer than those without these variants [29] .
In addition, several biomarkers have shown differential expression between aggressive and non-aggressive forms of prostate cancer [30] . Unfortunately, these molecular findings have not yet been incorporated into screening protocols. In addition to increasing the accuracy and validity of screening, incorporating biomarkers would also decrease unnecessary invasive procedures ties may impact prostate cancer incidence and mortality rate. The most prevalent comorbid disease with prostate cancer is cardiovascular disease. This also happens to be the number one cause of death in the African-American population. Investigating these links and aggressive management of the comorbidities may positively impact the morbidity and mortality associated with prostate cancer. Although the above discussion focuses on African-American veterans, much can be applied to the general African-American community [7] . 
